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You are asking yourself, 
as all of us must; "Who am I?"... 
"W here am I?"..."Whence do I go?" 
The process of enlightenment is usually 
slow. But, in the end, our seeking always 
brings a finding. These great mysteries 
are, after all, enshrined in 
complete simplicity.
- Bill W.
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Gunderson, Jay A., M.S., July 1989 Geology
Paleomagnetism of the Late Cretaceous - Paleocene 
Adel Mountain Volcanics, west-central Montana (242 pp.)
Director: Steven D. Sheriff ( P
Accurate apparent polar wander (APW) paths provide an excellent 
reference frame fo r delineating tectonic histories of crustal fragments. Yet, 
cratonic North America’s APW  path remains undefined between the Late 
Cretaceous and Paleocene pole positions. This cusp represents about 13° of 
apparent motion over ~22 my and coincides with the beginning of Laramide 
deformation (ca. 80 Ma). A paleomagnetic study of the Late Cretaceous - 
Paleocene (67-58 Ma) Adel Mountain Volcanics of west-central Montana (lat. 
47.20°N, long. 111.85°W) was initiated to refine the North American APW  
path during this crucial interval.
Twenty-six reliable paleomagnetic sites were obtained from the Adel 
Mountain shonkinite flows, dikes, and laccoliths. Positive fold and 
conglomerate tests indicate that isolated characteristic remanent directions 
are primary magnetizations, acquired before the Paleocene folds and thrusts 
associated with the disturbed belt. Averaging the virtual geomagnetic poles 
(VGP’s) from these 26 sites yields a paleopole (82.2°N, 209.9°E, «95=6.8°, 
k=18.4) which is concordant with other Paleocene reference poles. This 
paleopole appears to have adequately averaged paleosecular variation 
according to the VGP dispersion predicted by current models.
The Adel Mountain VG P’s are combined with other estimates of the 
Paleocene pole to give a new mean located at 81.8°N, 197.1°E, «95=2.96°. 
The new mean Paleocene (67-59 Ma) pole suggests that much of the rapid 
APW  had already occurred by the latest Cretaceous (ca. 67 Ma) and further 
constrains this apparent motion to 12.3° between approximately 87-67 Ma.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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INTRODUCTION
Paleomagnetic pole positions and apparent polar wander (APW) paths 
for stable cratons provide an unequaled reference frame for delineating large- 
scale relative motions and tectonic histories of crustal fragments. This 
requires the existence of a precise APW  path determ ined by a series of 
accurate reference poles with well known ages. Although North American 
reference poles for the Cretaceous and Early Tertiary are well established 
(Mankinen, 1978; Jacobson, 1980; Jacobson et al., 1980; Diehl et al., 1980, 
1983, 1988), the intervening cusp, or "hairpin" (Irving and Park, 1972), which 
connects them is not (May and Butler, 1986). Cusps in APW  paths are 
manifestations of major plate interactions (Irving and Park, 1972; Gordon et 
al., 1984) which can be correlated with specific erogenic events (Coney,
1972, 1978). The most recent cusp in the APW  path for stable North 
America coincides with the beginning of Late Cretaceous - Eocene 
(Laramide) folding and thrusting about 80 Ma (Coney, 1972, 1978). Thus, 
refining the polar wander path for th is crucial interval is especially important 
for reconstructing the detailed tectonic history of the western Cordillera during 
the Laramide Orogeny.
The youngest well-defined APW track, termed the J2-K track by May 
and Butler (1986), records rapid plate motion from Late Jurassic to Early 
Cretaceous (ca. 150-130 Ma), punctuated by a Cretaceous stillstand (period 
of little APW) pole located at 68®N, 186°E (Mankinen, 1978). Hanna’s (1967) 
data from the Cretaceous (-7 8  Ma) Elkhorn Volcanics of southwestern
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Montana are included in Mankinen’s (1978) Cretaceous pole calculation, yet 
they are suspect for two reasons. First, Hanna’s (1967) calculations are not 
correct; although he cites a paleopole (69°N, 171°W) which is concordant 
with other Cretaceous poles, it cannot be obtained from the site means and 
structural corrections presented in either of his papers (Hanna, 1967, 1973). 
Secondly, since the Elkhorn Volcanics lie west of the leading edge of thrust 
belt deformation and are carried in thrust plates, they have likely experienced 
rotations about nearby vertical axes during Cretaceous - Tertiary thrusting. 
Eldredge and Van der Voo (1988) show that thrust sheet rotations due to 
buttressing against the Rocky Mountain Foreland are common along the 
southern portion of the Helena Salient in southwestern Montana. This region 
has also undergone ~30% crustal extension since the Early Tertiary (e.g. 
Sheriff et al., 1984; Lageson and Sheriff, 1986). Consequently, the Elkhorn 
Volcanics are currently being re-evaluated by Diehl and Sheriff (in progress). 
Excluding the Elkhorn data, the youngest Cretaceous still-stand pole is from 
the Niobrara Formation of Wyoming, Colorado, and Kansas (Shive and 
Frerichs, 1974). Data from the Niobrara Formation are chiefly from the basal 
Fort Hays member which is Coniacian (88.5-87 Ma) in age.
Diehl et al. (1983) determ ined mean paleomagnetic pole positions for the 
Paleocene (67-55 Ma) (VGP= 81.5°N, 192.6°E, a95=3.2°) and Eocene (54-44 
Ma) (VGP= 82.8®N, 170.4°E, a95=3.0®), largely from rocks of north-central 
Montana. These two poles along with the mean Oligocene-M iocene (40-20 
Ma) reference pole of Diehl et al. (1988) (VGP= 81.5°N, 147.3°E, a95=2.4“ ) 
may define an early Tertiary APW track, although the ir minimal angular
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
separation and current resolution render them statistically indistinguishable 
(Figure 1). The oldest of Diehl et al.'s (1983) Paleocene poles is from the 
67-62 Ma Moccasin-Judith Mountains of north-central Montana.
Using the above Late Cretaceous and Early Paleocene pole positions,
13° of apparent motion of North America appears to have occurred over 
about 20 million years during the Late Cretaceous (ca. 87-67 Ma). This 
motion, which coincides with the onset of Laramide deformation (Engebretson 
et al., 1984), must define the portion of the APW  path which links the J2-K 
track with the Tertiary track and necessarily includes the most recent cusp in 
cratonic North Am erica’s APW  history.
Presently, the most reliable paleomagnetic data fo r this crucial interval 
are from the -7 2  Ma Roskruge Volcanics of southern Arizona (Vugteveen et 
al., 1981). The mean pole for these volcanics (73.6°N, 176.0°E, dp=6.2°, 
dm=8.8°) lies between the Cretaceous and Paleocene poles, however, its 
95% confidence limits overlap both. Thus, the Roskruge pole does not 
adequately resolve the problem; it may belong with the Cretaceous still-stand 
poles, the Paleocene poles, or define a track between the two. Vugteveen 
et al. (1981) also point out that they are uncertain whether any rotation has 
accompanied the -20 %  extension of the Roskruge Volcanics.
This paper describes a paleomagnetic study of the Late Cretaceous - 
Early Paleocene Adel Mountain Volcanics (lat. 47.20°N, long. 111.85°W) of 
west-central Montana (Figure 2). These rocks appear petrologically, 
structurally, and chronologically suitable for providing new data linking the J2- 
K track with the Paleocene pole position.
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Figure 1. North American Triassic - Early Cretaceous apparent polar 
wander small circle tracks and cusps from May and Butler 
(1986). Also shown are the Cretaceous stillstand 
reference pole (K) of table 2, the Paleocene (P) and 
Eocene (E) reference poles of Diehl et al. (1983), and 
the M iocene-O ligocene (MO) reference pole of Diehl et ai. 
(1988).
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Figure 2. Location of Adel Mountain Volcanic field (hatched) and 
major structural elements of west-central Montana (after 
Whiting, 1977).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
GEOLOGY
The Adel Mountain volcanic field, located 60 km southwest of Great 
Falls, Montana at the northern extent of the Big Belt Mountains, covers 
approximately 900 km^ of western Cascade and eastern Lewis & Clark 
counties (Figure 2). The volcanic rocks unconformably overlie the folded and 
thrusted Cretaceous sedimentary section, occupying a structural depression 
which parallels the eastern edge of the d is tu ite d  belt of the Rocky Mountain 
Front Ranges. Adel Volcanics are, in turn, deformed by Tertiary disturbed 
belt folds and imbricate thrusts which truncate the southwestern edge of the 
field.
The Adel Mountains were first mapped by Lyons (1944) as a 1000 m 
th ick Late Cretaceous volcanic sequence comprised primarily of large 
volumes of shonkinite (trachybasalt), a potassium-rich basalt of approximately 
equal proportions of K-feldspar and pyroxene. Volcanic rocks include flows, 
flow breccias, volcanic conglomerates, and associated intrusives, all of sim ilar 
composition.
Extrusives are dominated by flow breccias and volcanic conglomerates, 
particularly in the southwestern portion of the field. As is commonly the case 
in volcanic terranes, flows and breccias are poorly bedded, but structural 
attitudes can usually be measured by examining outcrops both 
m esoscopically and megascopically. The entire extrusive package has been 
mildly deformed and mineralogically altered by zeolitic replacements and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
oxidation (Lyons, 1944; Beall, 1973).
The intrusive rocks, furthur described by Beall (1972, 1973) and W hiting 
(1977), include dikes, sills, plugs, other irregular bodies, and two concentric 
arcs of laccoliths which lie 18 and 23 km north of the volcanic center (Figure 
3). The most striking feature of the entire volcanic assemblage is the 
enormous number of dikes which emanate radially from its center, cross­
cutting the extrusives. These dikes range from 10’s of centimeters to 10’s of 
meters in thickness, the larger of which form  feeders that can be traced on 
1:62,500 quadrangle maps for up to 30 km north of the pile before rolling 
over into tangentially attached laccoliths (Hyndman and Alt, 1987).
Schmidt (1972a, 1972b, 1977, 1978), Mudge et al. (1982), and Soward 
(1975a, 1975b) of the USGS mapped portions of the Adel Volcanics and the 
surrounding area at 1:24,000, 1:48,000 and 1 :250,000 scales. Swenson 
(1988) completed a detailed geologic map of the southern portion of the 
Adels, verifying and extending the stratigraphie and structural relations of 
Lyons (1944).
The Adel Volcanics were first dated as Late Cretaceous based on two 
plant fossils found in the volcanic conglomerates (Lyons, 1944). This date 
was confirmed in a March 1984 USGS Geologic Division Newsletter which 
credited Mehnert and Cebula with obtaining K-Ar dates of about 75-73 Ma on 
hornblendes and biotites. However, according to the newsletter, samples for 
these K-Ar dates were taken in 1969-1970 from Lyons’ (1944) "lower breccia 
unit" near W olf Creek, Montana, which now appears to be a volcanic 
member of the Cretaceous Two Medicine Formation (Schmidt, 1972a). Viele
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. General geologic map of the Adel Mountain Volcanics 
showing dikes (solid lines), laccoliths (hatched), and 
volcanics (stippled) (from Hyndman and Alt, 1987).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and Harris (1965) argue fo r an Early Paleocene age based on fossil, facies, 
and paleophysiographic interpretations.
Presently, the best age constraints are provided by stratigraphie and 
structural relationships. The Adel rocks rest unconformably on basal strata of 
the Late Cretaceous St. Mary’s River Formation, which is dated as 
Maestrichtian (ca. 73-67 Ma) by Schmidt (1978) and Mudge and Sheppard 
(1968). The volcanics are not likely to be contem poraneous with the St. 
Mary’s River Formation because: 1) an angular unconform ity separates St. 
Mary’s River deposition and Adel volcanism, 2) Adel volcanics nowhere 
intertongue with the St. Mary’s River Formation (Viele and Harris, 1965), and 
3) Adel detritus is absent from complete St. Mary’s River sections in adjacent 
areas (Schmidt, 1978).
The youngest age for the Adels is constrained by the folds and thrusts 
which deform and clearly post-date the volcanics. A variety of evidence, 
including structural, stratigraphie, and paleomagnetic, suggest a Paleocene 
age for deformation of the northern disturbed belt (Schmidt, 1978; Mudge, 
1982; Mudge et al., 1982; Harlan, 1988; Sears, 1988). Hoffman et al. (1976) 
provide radiometric age dates on the conversion of bentonite to potash 
bentonite during burial metamorphism, which bracket thrust movement 
between 72 and 56 Ma. Mehnert and Schmidt (1971) obtained a K-Ar date 
of 58.3 Ma on a quartz monzonite sill which intrudes across and along the 
Eldorado thrust zone a few  kilometers west of the Adel Volcanics. These 
data suggest completion of thrust deformation by the end of Paleocene time 
at -5 5  Ma (Harland et al., 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Thus, the Adel Mountain Volcanics must be younger than Late 
Cretaceous St. Mary’s River deposition and older than the last Paleocene 
deformation; they are probably latest Cretaceous to Middle Paleocene (ca. 
67-58 Ma). They lie largely east of, and unaffected by Late Cretaceous 
through Paleocene folding and thrusting.
FIELD AND LABORATORY METHODS
All paleomagnetic measurements are expressed in SI units of induction 
(B, tesla) and magnetic dipole moment per unit volume (M, amperes per 
meter). An induction of IT  corresponds to a cgs magnetic field (H) of 10*̂  
Oe, while a magnetic dipole moment per unit volume of 1 A/m corresponds 
to a cgs magnetization (J) of 10'^ em u/cm \
A total of 277 samples from 34 sites were collected from the Adel 
Mountain volcanic flows and intrusives for paleomagnetic investigation. 
Because of the difficulty in determining precise stratigraphie relationships, site 
locations were chosen in a roughly linear cross-section of the pile along the 
Missouri River (Figure 4). This distribution cuts across the pre-volcanic 
structural depression (Mudge et al., 1982) and should maximize the number 
of individual units and tim e period sampled. Two or three sites were 
gathered at several localities where large dipping stacks of flows provide a 
number of discrete units and excellent structural control. These sites were 
generally separated by at least 100m of stratigraphie thickness and 3-5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4. Map outline of the Adel Volcanics showing paleom agnetic 
site distribution.
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distinct flows to ensure sampling of separate cooling units. Dikes and 
laccoliths are also assumed to represent independent spot readings of the 
geomagnetic field.
Nearly all (-97% ) paleomagnetic drill cores (7-10/site) were gathered in 
the field using a portable Pomeroy Industries gas-powered drill. Samples 
were oriented "in situ" using standard paleomagnetic techniques (Doell and 
Cox, 1965), including Brunton compass azimuths and clinom eter 
measurements, along with sun compass readings to elim inate errors caused 
by local magnetic anomalies. Oriented hand samples were collected from 
the field and cored in the lab for two sites. In most cases, one standard (2.5 
X 2.5 cm) specimen was cut from each sample fo r laboratory analysis.
Analysis of each specim en’s magnetization was accomplished using 
progressive alternating field (af) and/or thermal cleaning, and a Schonstedt 
SSM-2A spinner magnetometer for meansurements. Natural remanent 
magnetization (NRM) intensities ranged from .01 to 100 A/m, well above the 
magnetometer’s practical limit for measurement of about 1x10'* A/m. Two 
pilot specimens from each site were cleaned using separate techniques (af 
and thermal) to compare paleomagnetic stability, resolution of components, 
and general magnetic mineralogy. The remaining specimens from each site 
were treated to whichever method(s) best separated primary and secondary 
components. Specimens were typically subjected to 10-15 steps of af 
cleaning from 2.5-1 OOmT, using a Molspin 2-axis tumbling dem agnetizer 
capable of inductions up to lOOmT. A homemade thermal demagnetizing 
unit was employed for thermal cleaning from 100°C to 680°C, usually in 12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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or 13 steps of 15-100°C. Specimens were held at constant (within 1-2°C) 
temperature for 25 minutes and cooled in magnetically shielded space which 
has maximum inductions less than 6nT. Bulk susceptibilities were measured 
with a Bartington M.S.2 magnetic susceptibility meter after each step of 
thermal treatment to monitor changes in magnetic m ineralogy during thermal 
cleaning.
After reducing specimens to within 0-10%  of the ir original 
magnetizations, characteristic remanent directions were identified from 
standard orthogonal demagnetization diagrams (Zijderveld, 1967) using vector 
subtraction techniques. In nearly every case it was possible to isolate a 
single component of remanent magnetization (linear decay to origin), 
occassionally after removal of a near present-day secondary com ponent 
(Appendix C). All remanent magnetization directions were analyzed using 
principal component analysis (Kirschvink, 1980), which included the origin as 
a data point for unanchored linear and unanchored planar fits. Site mean 
directions and associated statistical data were computed using the methods 
of Fisher (1953). Bingham statistics (Onstott, 1980) were applied to six sites, 
for which principal component analysis of dem agnetization plane data were 
wholly or partially used (Halls, 1976; Kirschvink 1980).
Twenty-six of the original th irty-four sites yield reliable mean directions, 
all of normal polarity. Several criteria were used to exclude specimens and 
sites deemed unrepresentative of the geomagnetic field. Only 3 specimens 
were discarded from site mean calculations because they demonstrate 
neither linear nor planar demagnetization paths. Another 8 have remanent
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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directions which are greater than two angular standard deviations from  their 
respective site means; these were excluded from final site mean calculations. 
Eight entire sites were rejected from the final averaging of virtual 
geomagnetic poles (VGP’s). Four of these, including three sites from 
volcanic breccias and conglomerates, exceed an arbitrary a95 limit of 15° 
(Table 1). Three sites (88AV08, 88AV30, 88AV34) give VG P’s which are 
removed from the mean by more than 38°, which represents approximately 
twice the angular dispersion inherent in paleosecular variation over the past 5 
m.y. for the sampling paleolatltude (McElhinny and Merrill, 1975). These 
latter three sites probably acquired the ir magnetization during anomalous 
behavior of the geomagnetic field or had errors involved with the ir structural 
corrections. Finally, one site (88AV14) was discarded because specimens 
exhibit unstable magnetic behavior and extreme susceptibility to viscous 
remanent magnetization during cleaning. Figure 5 illustrates all site mean 
directions and a95 ’s (excluding the 3 from volcanic conglomerates and 
breccias) before correcting for local strike and dip.
Isothermal remanent magnetization (IRM) acquisition tests were 
performed with an Alpha Scientific Corporation magnet capable of inductions 
up to 1.2T. Shapes of acquisition curves were used to study the magnetic 
mineralogies which carry NRM. Normalized af coercivity spectra of IRM and 
NRM were compared to investigate magnetic grain size distributions, and 
therefore, domain structure. Generally, these techniques showed that the 
Adel rocks contain bimodal distributions of magnetic minerals (chiefly 
titanomagnetites), with the intrusives being dominated by multi-domain
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 1 .
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S i t e Un i t S/N &n/ljn k (x95 Dec Inc La t Lona
01 D 9 / 9 6 . 0 / 2 2 0 - 1 0 6 . 9 / - . 6 4 . 2 / 5 . 0 3 4 ,0 79 .1 6 2 . 6 -  8 6 . 0
02 D 8 / 8 5 . 5 / 2 7 5 125 .7 4 .9 6 6 . 0 6 6 .4 8 5 . 6 -  4 7 .9
03 F 7 / 7 4 6 . 0 / 5 9 0 138 .4 5 .1 5 2 5 . 7 6 0 .2 7 0 . 7 -  13 .2
04 D 8 / 8 9 . 0 / 2 0 0 6 0 . 5 7 .1 8 3 3 0 .3 7 3 .6 6 8 . 7 - 1 5 5 . 4
05 F 8 / 8 4 5 . 0 / 5 2 5 2 0 . 5 12 .54 3 2 .9 7 0 .3 6 8 .2 -  5 3 . 4
06 F 8 / 8 1 5 .0 /3 0 0 2 4 4 .6 3 .5 5 3 3 5 .3 6 6 .7 7 3 . 5 174 .7
07 D 8 / 8 2 0 . 0 / 5 3 0 175 .3 4 .2 0 10 .4 6 7 .6 8 2 .4 -  5 1 . 8
08 F 6 / 8 4 7 . 5 / 5 7 5 149 .6 5 .5 0 100 .3 7 0 .6 3 1 . 9 -  6 9 .9
09 F 7 / 7 1 2 .5 /4 5 0 381 .1 3 .1 0 3 2 9 .5 6 6 .9 6 9 .7 176.1
10 F 7 / 9 2 7 . 5 / 4 5 0 236 .1 3 .9 4 3 2 6 .8 6 1 .7 6 6 . 3 160 .2
11 F 8 / 8 2 3 . 0 / 5 2 5 5 9 . 3 7 .2 5 8 . 5 6 4 .5 84 .1 -  17.1
12 F 8 / 8 4 5 . 0 / 5 7 0 159.0 4 .41 3 0 9 .6 8 2 .9 5 4 , 7 - 1 3 0 . 7
13 L 8 / 8 3 . 5 / 3 0 0 8 5 . 5 6 .0 2 3 5 6 .5 7 4 .5 7 6 .4 - 1 1 9 . 1
14 D 8 / 8 4 . 5 / 2 5 0 2 2 . 0 12 .07 3 2 . 5 5 0 . 5 6 0 . 5 — 0 . 8
15 VC 8 / 8 1 2 .5 /4 6 0 1.1 134 .59 5 1 . 6 4 8 .5 4 6 .7 -  16 .8
16 F 6 / 7 2 8 . 0 / 4 9 0 2 7 .9 12.91 3 3 7 .8 4 7 .3 6 4 .5 118 .8
17 D 10/10 5 . 5 / 2 2 0 - 5 3 . 2 / - 2 . 6 5 . 0 / 9 . 5 3 5 3 .3 7 1 .0 8 0 .7 -1 3 6 .1
18 F 9 / 9 3 2 . 0 / 4 4 0 - 2 7 . 3 / - . 5 8 . 7 / 9 . 9 3 5 2 .8 6 5 .3 85.1 163 .8
19 L 8 / 8 7 . 0 / 3 7 0 6 3 2 .6 2 .2 0 333 .1 7 8 .2 6 5 .9 - 1 3 7 . 2
20 D 6 /8 6 . 5 /  - 9 8 . 9 6 .7 7 345 .4 7 7 .4 6 9 .8 -1 2 9 .1
21 L 6 / 8 6 . 5 / 3 5 0 - 4 8 5 . 3 / - 1 .0 2 . 3 / 3 . 0 2 7 7 .4 7 7 .5 45 .  1 - 1 4 6 . 5
22 D 8 / 8 3 . 5 / 1 4 0 3 5 .2 9 .4 6 4 . 8 6 8 .3 8 4 .7 -  7 7 .9
23 VB 9 / 9 1 8 .0 /4 2 0 1 .5 6 7 .3 0 306.1 8 0 .2 5 5 . 5 - 1 3 9 . 7
24 F 8 / 8 -  / 615 12 .6 16 .22 3 3 4 .8 5 1 .2 6 5 .5 128 .7
25 F 7 / 8 3 0 . 0 / 5 2 0 3 7 .0 10.05 3 4 4 .2 5 4 .9 7 3 .3 118 .9
26 F 9 / 9 2 0 . 0 / 4 1 0 137 .9 4 .4 0 3 5 4 .4 6 6 .5 8 5 .9 - 1 7 3 . 9
27 D 7 / 7 7 . 5 /  - 5 0 8 .4 2 .6 8 1 .3 4 0 .9 66 ■ 3 6 5 . 2
28 D 7 / 7 5 . 5 /  - 2 8 9 .3 3 .5 6 3 4 9 .6 58 .1 7 8 .7 114.1
29 VB 9 / 9 3 2 . 5 / 5 1 0 3 . 6 3 1 .8 5 81 .1 5 9 .0 3 3 .4 -  4 6 . 6
30 F 10/10 3 0 . 0 / 6 0 0 4 8 .3 7 .0 2 66.1 4 0 . 2 3 2 .6 -  2 1 .3
31 F 8 / 8 5 7 . 5 / 5 7 0 2 2 1 .7 3 .7 3 2 4 . 3 6 1 .8 7 2 .4 -  17 .2
32 F 7 / 8 5 6 . 0 / 5 7 0 2 3 3 .3 3 .9 6 3 5 0 .2 7 0 .8 7 9 .9 - 1 4 5 . 5
33 L 5 / 5 6 . 0 /  — - 1 9 0 . 2 / —.5 4 . 3 / 4 . 9 3 2 3 .3 6 3 .6 6 4 .8 167.0
34 L 3 / 3 7 . 0 /  - - 2 1 6 . 0 / - . 7 5 . 1 / 6 . 0 16 .0 8 . 3 4 4 . 7 4 5 . 3
Uni t
S/N
Bm/Tm
0(95
Dec
Inc
Lat
Long
-  F=fIow,  D=dike ,  L = I a c c o l i t h ,  VC=volcanic  c o n g l o m e r a t e ,  VB=volcanic  
b r e c c i a
-  s p ec ime ns  used  to  c a l c u l a t e  mean d i r e c t i o n / s p e c i m e n s  c o l l e c t e d
-  a v e r a g e  median  d e s t r u c t i v e  i n d u c t i o n  (B,„) and t e m p e r a t u r e  d m )  i n  
mT/ 'C
-  F i s h e r ' s  (1953)  p r e c i s i o n  p a r a m e t e r ,  kappa ;  O n s t o t t ' s  (1980)  k l / k 2  
f o r  Bingham d i s t r i b u t i o n s
-  F i s h e r  (oi95) and Bingham (a 3 1 /a 3 2 )  95% c o n f i d e n c e  l i m i t s
-  mean d e c l i n a t i o n
-  mean i n c l i n a t i o n
-  VGP l a t i t u d e  ( p o s i t i v e  n o r t h )
-  VGP l o n g i t u d e  ( p o s i t i v e  e a s t )
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Figure 5. Equal-area projection showing site mean directions and 95% 
confidence limits for (a) flows (before tilt corrections) 
and (b) dikes and laccoliths, x = rotation axis, * = 
present-day pole.
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behavior (Appendix B).
PALEOMAGNETIC RESULTS
For paleomagnetic purposes, the Adels Mountain Volcanics are 
conveniently subdivided into three geologic domains: 1 ) flows, 2) volcanic 
conglomerates and breccias, and 3) dikes and laccoliths. Four dikes (sites 
88AV02, 88AV17, 88AV27, and 88AV28) from within the volcanic pile have 
obviously been deformed along with the extrusives. Thus, these sites are 
included with volcanic flows in the following figures and statistical 
computations. Tilt-corrected paleomagnetic data for all sites are summarized 
in table 1. Complete data for all sites are provided in Appendix A.
Flows - Specimens from volcanic flows exhibit extreme stability during 
demagnetization, with angular dispersions commonly less than 3° over their 
entire coercivity and/or thermal unblocking spectra (Figure 6.a,b). Average 
median destructive inductions and temperatures are 35mT and 540°C 
respectively (Figure 7). Secondary magnetic components were isolated from 
just five sites (4 flows, 1 deformed dike). All are probably present-day 
overprints which can be removed with inductions of 1G-20mT or temperatures 
less than 300^0 (Figure 6.c,d; see also Appendix 0).
IRM acquisition curves indicate that titanomagnetites are the primary 
carrier of NRM, with saturating inductions of .5-.8T (Figure 8). However, 
coercivities exceeding lOOmT and high unblocking temperatures (greater than
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6. Representative vector diagrams and equal-area plots for 
specimens from flows. Note extreme stability during 
demagnetization. • = declination plotted in horizontal 
plane, a  = inclination plotted in vertical plane of 
declination.
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Figure 7. Typical coercivity and thermal unblocking spectra for specimens from flows. Y-axis 
represents intensity of magnetization in per cent (M=current, Mo=original).
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Figure 8. Isothermal remanent magnetization (IRM) acquisition
curves for specimens from flows. Saturating inductions 
are .5-.8T.
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600°C) for -80%  of the specimens demonstrate that a significant amount (at 
least the final 10-30%) of the NRM intensity resides in ilmenohematites 
(Figure 7). Where present and separable, the paleomagnetic direction of 
ilmenohematite invariably parallels that of titanomagnetite. Thin section 
observations and NRM/IRM af coercivity tests indicate that these rocks have 
a bimodal distribution of magnetic grain sizes (Appendix B).
Structural corrections were applied to all flows and the 4 pre- 
deformational dikes. Flows generally have southerly (SE-SW) dips ranging 
from 10-45° with an average of -30°. Figure 9 compares the site 
distributions and their means both before and after tilt corrections. The 
structural correction appears very convincing and analysis by McElhinny’s 
(1964) method indicates that the fold test is statistically significant at the 99% 
confidence level. The fold test offers strong evidence that magnetization is 
at least pre-deformational and probably a primary thermal remanent 
magnetization (TRM).
Excluding those sites that do not pass the final reliability criteria, the 
mean direction for flows and deformed dikes after structural correction is 
D=354.4°, 1=64.6°, a95=5.77°. Averaging each site’s virtual geomagnetic 
pole (VGP) via Fisher’s (1953) method gives a mean pole at 86.1 °N,
170.7°E, 095=8.16°.
Dikes/Laccoliths - While initial NRM intensities of specimens from dikes 
(including the 4 previously discussed) and laccoliths are very similar to those 
of flows, their af coercivity spectra are much lower, with median destructive
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 9. Equal-area plot of site directions and means both (a)
before and (b) after structural corrections. The mean in 
(a) is significantly displaced from present-day (*).
X = rotation axis.
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inductions of only 4-1 OmT (Figure lO.a). Demagnetization diagrams and 
associated equal-area projections (Figure 11 ) demonstrate the less stable 
nature of NRM for these rocks (compare with Figure 6). Despite their less 
stable behavior, consistent within-site paleomagnetic directions were isolated, 
with angular dispersions of less than about 6® during demagnetization of 
characteristic remanent components. No consistent secondary overprints 
were evident, and the mean direction from these sites is not coincident with 
the present-day pole position (Figure 13).
Saturating inductions range from .1-.2T, showing the dominance of 
titanomagnetites as the NRM carrier (Figure 12). Indeed, neither field 
evidence nor unblocking temperatures (complete unblocking by less than 
560°C) indicate hematite presence (Figure lO.b). NRM/IRM coercivity 
spectra and thin section studies suggest a bimodal magnetic grain 
distribution, dominated by multi-domain behavior (Appendix B).
The mean site direction for post-deformation dikes/laccoliths is D=345.2®, 
1=75.2° with an a95 of 6.37° (Figure 13). Averaging each site’s VGP by 
Fisher’s (1953) method yields a mean at 72.5°N, 225.3°E, a95=11.1°. The 
mean direction for dikes/laccoliths is 11.0° from the mean of the flows, but 
the two share a common mean at the 95% confidence level.
The low af spectra and close proximity of dike/laccolith site means to the 
present-day magnetic direction prompts one to question whether these are 
primary magnetizations or present-day viscous remanent magnetizations.
The less stable magnetic behavior and low median destructive inductions of 
these rocks suggest that they may be incapable of retaining a primary TRM
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8
CD
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
CD
Q.
■D
CD
C/)
C/)
M
1.0
2-11
0.5
0
5020 35100
B (mT)
JL
Mo
#19-1491.0
0,5
0
300200 500400100 5600
T (°C)
Figure 10. Typical coercivity and thermal unblocking spectra for specimens from dikes and laccoliths. 
Note the much lower median destructive inductions (-6 .OmT) and thermal blocking 
temperatures as compared to flows (Fig. 7).
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Figure 11. Representative vector diagrams and equal-area plots for 
dikes and laccoliths. • = declination, a  = inclination.
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Figure 12. Isothermal remanent magnetization (IRM) acquisition 
curves for specimens from dikes and laccoliths.
NRM carriers are dominantly titanomagnetites (saturating 
inductions .1-.2T).
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Figure 13. Equal-area plot of site directions and mean for dikes 
and laccoliths, x = rotation axis, * = present-day 
pole. Note that the mean direction overlaps neither.
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for any duration in the ambient geomagnetic field. However, NRM/IRMs 
ratios are all about 10^ (Appendix B, Figure 18), consistent with a thermal 
origin for the NRM (Dunlop, 1984; Fuller et al., 1988). Moreover, the mean 
direction for these sites overlaps neither the present-day pole nor a field 
centered on the earth’s rotation axis at the 95% confidence level (Figure 13). 
The most convincing evidence for magnetic stability is offered by the 
deformed dikes included in the discussion of flows. These dikes are identical 
in composition and af spectra, yet retain stable magnetic components which 
are clearly not present-day. Therefore, characteristic remanent directions 
isolated from dikes/laccoliths are considered primary magnetizations.
Conglomerates and Breccias - To test their paleomagnetic reliability, 3 
sites (88AV15, 88AV23, and 88AV29) were obtained from volcanic 
conglomerates and breccias. Specimens from the matrix of conglomerates 
and breccias demonstrate large anisotropies in their magnetizations, yet 
maintain suprisingly stable directions. This is presumably due to 
simultaneous cleaning of randomly oriented stable component(s) within the 
specimens. Clasts of volcanic rock within conglomerates and breccias 
behave as flows, with an easily isolated remanent direction, but with no 
directional similarity between individual clasts.
All 3 sites yield mean directions with a95’s > 30° (Table 1), providing 
qualitatively positive results for Graham’s (1949) classic conglomerate test. 
Individual clasts obviously acquired and retain a pre-depositional primary 
magnetization. Near present-day secondary magnetic components were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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isolated from both volcanic breccia sites (Appendix C). Although not included 
in further statistical analysis, these sites provide additional strong support for 
the assumption that the Adel Volcanic rocks carry reliable primary magnetic 
directions.
DISCUSSION AND CONCLUSIONS
Positive results from the fold and conglomerate tests indicate that the 
characteristic remanent directions of the Adel Mountain Volcanic flows are 
primary magnetic directions. Ilmenohematites may contribute secondary 
chemical remanent magnetization in some specimens, but their directions 
parallel those of the titanomagnetites. Hence, they can also be considered 
primary for paleomagnetic work. The remanent magnetizations of dikes and 
laccoliths with their lower coercivities are also assumed primary, largely on 
the basis of the fold test results for pre-deformational dikes of identical 
composition and paleomagnetic character. In addition, the mean direction for 
the dikes and laccoliths is not coincident with the present-day direction. 
Twenty-six of the original thirty-four sites yield successful results.
Mean site directions for the two geologic domains (flows and 
dikes/laccoliths) are indistinguishable at the 95% confidence level (Figure 14). 
Despite the little overlap of their a95’s, the conditional test of McFadden and 
Lowes (1981) indicates that the difference in mean directions is not 
statistically significant at the 95% confidence level. Although the dikes and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 14. Equal-area projection of all sites ( « = flow, • = dike, 
laccolith) and final mean directions. Mean directions 
are D=354.4°, 1=64.6°, a95=5.77° for flows and D=345.2°, 
1=75.2°, a95=6.37° for the dikes and laccoliths.
Although there is little overlap of the a95’s, the two 
share a common mean at the 95% confidence level, x = 
rotation axis, * = present-day pole.
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laccoliths clearly crosscut the flows, figure 14 shows that their mean direction 
is displaced from the direction of Tertiary apparent polar wander. Thus, even 
though they are younger, they contribute additional independent virtual 
geomagnetic poles to be combined with the VGP’s from the flows. Averaged 
by Fisher’s (1953) method, the 26 reliable site VGP’s give a single 
paleomagnetic pole position for the Adel Mountain Volcanics at 82.2°N, 
209.9°E, 095=6.8°. This pole is significantly different from the present-day 
magnetic field and the rotation axis (Figure 15).
Site VGP’s have an angular dispersion (circular standard deviation) of 
18.9° with lower and upper 95% confidence limits of 15.8° and 23.3°, 
respectively (Cox, 1969). These limits encompass the 18.2° of dispersion 
predicted by paleosecular variation Model F (McFadden and McElhinny,
1984) for the Adel Mountain paleolatitude. Although structural corrections 
may be a source for increased dispersion, results from McFadden and 
McElhinny’s (1984) model along with my sampling scheme across structure 
suggest that the Adel Mountain Volcanics were sufficiently sampled to 
average paleosecular variation to a constant value.
Stratigraphie and structural relationships strongly suggest the age of the 
Adel Mountain Volcanics is between approximately 67-58 Ma. Assuming 
unbiased sampling, the absence of reversed polarities indicates that the Adel 
Volcanics evolved during one or two normal magnetic polarity intervals. 
According to Harland et at.’s (1982) magnetic anomaly timescale, the viable 
candidates are magnetic chrons 30-27 which occur between 67 and 61 Ma, 
each lasting 0.5-1.5 m.y. (Figure 16). Thus, the magnetic polarity time scale
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 15. North-polar projection of final site VGP's and combined 
mean (82.2°N, 209.9°E, a95=6.8°). The mean overlaps 
neither the present-day pole (*) nor the rotation 
axis (x) at the 95% confidence limit. Y = sampling 
locality.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
L J
to3O
03 ^
O  CVJ 
CO CO
■S O)
Ü
<D
15
(0
eu
tu "O  cco
o nj 
•*- X  
® _
to ^
Eë  .g
i ï -c(0 CtJ LU
SZ
tu O) 
c  3  
§“ 2
to
2
3g
i l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ko
may further constrain the youngest age for Adel volcanism to ~61 Ma. 
Emplacement times on the order of a few million years are common 
estimates for alkalic igneous rocks of Larsen’s (1940) Central Montana 
Pétrographie Province. Marvin et al. (1980) obtained K-Ar, fission track, and 
U-T-Pb dates which show that activity associated with other alkalic igneous 
centers spanned an average of only 3-4 m.y.; it is likely that the Adel 
volcanic field formed in a similar time frame. Evidence for rapid evolution 
includes: 1) lack of local unconformities, particularly weathered horizons 
within the volcanic pile, 2) very few sedimentary interbeds, none of which 
contain non-Adel detritus (Schmidt, 1978), and 3) no reversed magnetic 
polarities. Considering the magnetic time scale is only -67%  normal over 
the 66.88-61.00 Ma interval, the probablility of obtaining all 26 sites of normal 
polarity is roughly 1 in 38,000, assuming continuous volcanic activity. This 
can be increased to about 1 in 900 by considering only chrons 30-28 (67- 
62.5 Ma), still exceedingly small. This is compatible with Diehl et al.’s (1983) 
contention that volcanic activity associated with many of Montana’s alkalic 
igneous centers may have been discontinuous, occurring in pulses roughly 1 
m.y. in duration. It is interesting to note that, similar to the Adel Mountain 
results, Diehl et al. (1983) report entirely normal polarities for the Little Rocky 
Mountains, which evolved over a similar time span (67-60 Ma) (Marvin et al., 
1980).
Figure 17 illustrates the Adel Volcanics paleopole along with those 
previously reported by Diehl et al. (1983, 1988) for the Early and Mid- 
Tertiary, and a Cretaceous stillstand pole estimated from data in table 2.
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Figure 17. North-polar projection showing location and confidence limits of
Adel Volcanics (AV) paleopole, mean Paleocene (P), Eocene (E), 
and mid-Tertiary (mT) poles of Diehl (1983,1988), and the 
recalcuated Cretaceous stillstand (K) pole. The Adel Volcanics 
paleopole coincides with poles from the Early Tertiary, and is 
significantly removed from the K pole. The edge of the plot is 
60°N latitude.
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T a b l e  2 .
C r e t a c e o u s  S t i l 1 - s t a n d  P o l e s
Rock U n i t  
A l k a l i c  i n t r .  
I s a c h s e n  d i a b a s e
M o n t e r e g i a n  i n t r .  
Mt. A sc u tn e y  i n t r .  
Mesa V erde  Group 
N i o b r a r a  F o r m a t io n  
Lamprophyre  d i k e s
L o c a l i t y  
A r k a n sa s  
Can.  A r c t i c
Quebec 
NH & VT 
WY & UT 
CO, WY, & KS 
Newfoundland
P o l e  (°N/*E> 
7 4 . 1 / 1 9 2 . 5  
6 9 . 0 / 1 8 0 . 0
7 2 . 4 / 1 9 1 . 0  
6 4 . 4 / 1 8 6 . 9  
6 8 . 8 / 2 0 2 . 3  
6 4 . 5 / 1 8 6 . 0  
6 7 . 0 / 2 1 2 . 0
R e f e r e n c e
Globerman & I r v i n g ,  1988
L a r o c h e l l e  & B l a c k ,  1963 
L a r o c h e l l e  e t  a l . ,  1965
F o s t e r  & Symons, 1979
Opdyke & W ens ink ,  1966
K i i b o u r n e ,  1969
S h i v e  & F r e r i c h s ,  1974
L a p o i n t e ,  1979
Mean p o l e ; 68.9®N, 1 9 2 . 9*E, «95=4.08®
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The paleopole from the Adel Volcanics is concordant with the mean 
Paleocene pole; they are separated by only 2.5° of arc and share a common 
mean at the 95% confidence limit. Thus, the Adel Volcanics (67-61 Ma) 
appear to have accurately recorded the Paleocene reference pole for stable 
North America. It is 13.8° from the mean Cretaceous stillstand pole.
Although the Adel Mountain Volcanics are latest Cretaceous - Early 
Paleocene, their reference pole does not resolve the J2-K - Tertiary cusp, but 
reinforces the mean Paleocene pole position determined by Diehl et al.
(1983). Therefore, I incorporate it with data previously used by Diehl et al. 
(1983) to calculate a new mean Paleocene pole. VGP’s for each site from 
the studies listed in table 3 were given unit weight and averaged using 
Fisher’s (1953) statistics. The newly calculated Paleocene (-67-59 Ma) pole 
for stable North America lies at 81.8°N, 197.1°E, a95=3.0. Rocks as old as 
67 Ma from the Adel and Judith (Diehl et al., 1983) Mountains of Montana 
are included in this calculation.
The Adel Volcanics paleopole, similar to other Paleocene poles, 
suggests that the major portion of rapid APW had already occurred by latest 
Cretaceous (ca. 67 Ma). Although the angular separation between the 
refined mean Paleocene and Diehl’s (1983) mean Eocene poles is slightly 
increased (3.7°) from that reported by Diehl et al. (1983), the Early Tertiary 
remains a period of little or no APW. The apparent motion from the 
Cretaceous stillstand pole (Table 2) to the new Paleocene pole position is 
12.9° and is best confined to ages of 87.5-67 Ma.
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T a b l e  3 .
P a l e o c e n e  P a l e o m a g n e t i c  S t u d i e s
Rock U n i t # S i t e s P o le (* N /* E ) Age R e f e r e n c e
Golden  b a s a l t s ,  Co 2 7 3 . 0 / 6 3 . 1 ~ 6 0 .2 L a r s o n  e t  a l . , 1969
Cape Dyer b a s a l t s ,  Can. 5 8 2 . 7 / 3 0 7 . 3 ~ 5 9 .5 D e u tsc h  e t  a l . , 1971
G ringo  Gulch V o l . ,  AZ 25 7 7 . 0 / 2 0 1 . 3 6 3 -6 7 B a r n e s  & B u t l e r , 1980
Montana i n t r u s i v e s 36 8 1 . 8 / 1 8 1 . 4 6 0 -6 9 D ieh l  e t  a l . , 1983
Adel V o l c a n i c s ,  MT 26 8 2 . 2 / 2 0 9 . 9 ~ 61-67 t h i s  s t u d y
Mean P a l e o c e n e  p o l e : 8 1 .8*N , 1 9 7 . 1*E, «95 = 2 .9 6 °
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APPENDIX A.
Data for each site are provided in summary sheets which list samples 
(used/collected), sample numbers, NRM intensity (MJ and directions, 
demagnetization data type, and final directional data in geographic (in situ) 
and stratigraphie (tilt-corrected) coordinates. Statistical calculations (Fisher, 
1953) for each set of directional data are given as resultant vector length 
(R), kappa (K), 95% confidence limits (a95), angular standard deviation (663), 
mean declination (Dec) and inclination (Inc), and a virtual geomagnetic pole 
(VGP) (latitude - positive north; longitude - positive east). For 
demagnetization plane data, Bingham statistics (Onstott, 1980) give the 
corresponding values of kappa (K1/K2), 95% confidence limits (a31/a32), and 
angular standard deviation (631/532). Although remanent directions for 
samples denoted (*) are listed, they were excluded from final site mean 
directions and statistical calculations for geographic and stratigraphie 
coordinates.
Summary sheets are followed by equal-area plots showing specimen 
directions, site means, and a95’s for NRM directions and primary remanent 
directions in both geographic and stratigraphie (where applicable) coordinates. 
Diagrams are appropriately labelled in the upper left and right corners.
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Site: 88AV01
Unit: Dike Samples: 9/9
Lat/Long: t7.29°N, 111.94°W 
Structural correction: 0/0
NRM Geoe Coord
unple Mo Dec Inc Demag Type Dec Inc
1 .154 107.4 74.2 Line 44.0 81.5
2 .324 19.2 49.9 Plane 106.5 - 4.0
3 .766 53.4 52.5 Plane 130.1 - 4.1
4 .319 1.2 83.7 Line 29.8 79.0
5 .244 107.8 72.9 Line 51.3 74.6
6 .489 113.9 64.1 Plane 38.3 - 7.6
7 .417 30.8 83.8 Line 10.4 83.1
8 .805 38.8 67.3 Plane 328.6 -12.4
9 .419 83.2 79.3 Line 34.9 75.5
R 8.6143 -  -
K 20.7 -106.9/-.6
a95 11.58 4.23/4.98
663 17.81 5.18/6.11
Dec 61.6 34.0
Inc 73.7 79.1
VGP 52.9/-64.7 62.6/-86.0
Strat Coord 
Dec Inc
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
O)mO)
>>
I
fU
l i t
O
cn
o
o
o
cn
I «I O Oi 04JO 10
• cviv*T3 
C. m O 0)
o  c.
O r-t
> t»o  « 0 3  
CD QJ tT molu
o
00O
O
OJ
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
i
H* ^  
111
ÈM muco Ocn
oo0
01
I
®*O 01 
04 -» 
o  o
oi-S
■ac a
o  to
O
m
o
cu
u Io  
> tan mo3 gj w o- 
m o w
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
kg
Site: 88AV02
Unit: Dike Samples: 8/8
Lat/Long: 47.13*N, 111.88*W
Structural correction: 160/38
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
10
11
12
13
Ik
15
16 
17
1.25
3.46
2.01
1.36
1.50
0.61
1.49
0.74
34.5 
40.9 
42.3
41.6 
42.1
335.1
28.5
17.0
64.7 Line
40.8 Line 
49.2 Line
42.5 Line
57.6 Line
71.4 Line
59.4 Line
61.5 Line
47.8 28.6
41.6 37.5
42.7 34.7
38.0 40.0
40.0 51.4 
6.3 66.0
40.8 36.6 
8.7 60.4
27.8 62.4 
6.0 66.8 
12.1 65.3
356.4 66.5
328.5 73.0
6.3 66.0
6.3 65.7 
8.7 60.4
R 7.7656 7.7120 7.9443
K 29.9 24.3 125.7
a95 10.30 11.46 4.96
663 14.83 16.45 7.21
Dec 32.6 36.7 6.0
Inc 57.1 45.1 66.4
VGP 64.4/-12. 3 54.7/.6 8S.6/-47.9
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Site: 88AV03
Unit: Flow Samples: 7/7
Lat/Long: 47.13°N, 111.88*W 
Structural correction: 157.5/38
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
18
19
20 
21 
22
23
24
7.46
6.57
3.58 
0.66 
1.92 
3,96 
6.67
41.4
51.4 
49.0
43.4 
42.2 
42.6 
47.9
36.9
19.6
31.7 
26.6
29.8
30.9 
28.7
Line
Line
Line
Line
Line
Line
Line
39.8 33.3
51.8 16.3 
49.4 31.1
42.1 26.7 
40.6 27.4
45.2 27.4
49.8 27.0
9.8 62.7 
42.5 52.2 
28.0 65.3
20.7 58.3
17.8 58.2
24.8 60.3
32.8 61.7
R 6.9635 6.9568 6.9566
K 164.5 139.0 138.4
a95 4.72 5.14 5.15
663 6.30 6.86 6.87
Dec 45.5 45.6 25.7
Inc 29.2 27.1 60.2
VGP 41.0/2.5 40.0/3.5 70.7/-13.2
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Site: 88AV04
Unit: Dike Samples: 8/8
Lat/Long: 47.22“N, 111.77°W 
Structural correction: 0/0
NRM_______  Geoe Coord Strat Coord
Dec IncSample Mo Dec Inc Demag Type Dec Inc
25 .011 340.4 54.9 Line 341.0 55.4
26 .372 334.9 67.5 Line 351.1 67.5
27 .339 325.6 52.7 Line 326.6 71.0
28 .322 336.5 76.6 Line 312.3 70.7
29 .484 303.4 72.5 Line 310.7 79.9
30 .483 23.2 75.4 Line 2.7 80.2
31 .230 150.2 85.1 Line 293.8 81.1
32 .587 28.7 62.3 Line 316.0 76.1
R 7.7058 7.8842
K 23.8 60.5
a95 11.59 7.18
663 16.62 10.41
Dec 343.8 330.3
Inc 71.6 73.6
VGP 76.5/-153.0 68.7/-155
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Site: 88AV05
Unit: Flow Samples: 8/8
Lat/Long: &7.13°N, 111.86°W 
Structural correction: 70/28
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
33
3k
35
36
37
38
39
40
2.63
1.61
7.61
2.31
8.32 
5.88 
5.80 
3.59
353.0
18.4 
.5
28.4 
12.0
351.9
337.6
1.7
17.4
67.7
54.2
59.3
45.5
54.8 
49.1
39.3
Line
Line
Line
Line
Line
Line
Line
Line
353.2 18.6
34.2 54.6 
359.8 52.6
30.3 58.5
12.4 41.9 
350.1 53.2 
337.5 49.4
1.7 38.7
358.1 45.6
80.0 61.5 
37.3 75.9
84.7 65.4
38.8 62.2
16.1 79.7 
332.7 77.3
19.8 63.2
R 7.6540 7.6577 7.6578
K 20.2 20.4 20.5
a95 12.62 12.55 12.54
663 18.04 17.94 17.94
Dec 1.0 3.4 32.9
Inc 49.4 47.4 70.3
VGP 73.1/65. 1 71.2/58.9 6S.2/-53.4
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Site; 88AV06
64
Unit: Flow Samples: 8/8
Lat/Long: 47.13°N, 111.91°W
Structural correction: 114/47
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
41
42
43
44
45
46
47
48
2.17
1.33
1.35
1.31
1.13
1.51
1.89
1.19
1.8
.5
10.3
3.7
1.1
5.9
.8
2.4
30.7 Line
55.6 Line 
55.2 Line
64.7 Line
57.7 Line 
49.1 Line
33.6 Line
70.7 Line
.8 26.7
2.0 26.9
2.8 22.7
5.8 26.1
13.1 22.8
5.1 22.7 
358.1 28.7
10.1 29.1
327.2 65.1 
328.9 66.0
336.3 63.2
336.8 67.5
356.5 67.9
340.3 64.4
319.9 64.8
340.5 72.2
R 7.7892 7.9714 7.9714
K 33.2 245.1 244.6
a95 9.75 3.55 3.55
663 14.05 5.16 5.17
Dec 3.2 4.8 335.3
Inc 52.3 25.8 66.7
VGP 75.5/57 .3 56.2/59.8 73.5/174.7
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Site: 88AV07
Unit: Dike Samples: 8/8
Lat/Long: 47.13“N, 111.86°W 
Structural correction: 0/0
NRM Geog Coord
Sample Mo Dec Inc Demag Type Dec Inc
49 3.71 4.9 69.5 Line 10.6 69.2
50 3.56 8.2 73.0 Line 19.0 74.4
51 3.44 7.5 72.5 Line 13.6 72.4
52 3.68 9.2 64.4 Line 7.2 68.9
53 3.77 8.5 68.1 Line 4.5 68.7
54 3.49 22.1 64.7 Line 14.5 66.8
55 3.15 16.7 65.7 Line 16.6 63.2
56 3.40 6.8 57.5 Line 2.3 56.2
Strat Coord 
Dec Inc
R 7.9672 7.9601
K 213.1 175.3
a95 3.80 4.20
663 5.54 6.11
Dec 10.7 10.4
Inc 67.0 67.6
VGP B2.4/-45.7 82.4/-51.8
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Site: 88AV08
Unit: Flow Samples: 6/8
Lat/Long: 47.13*N, 111.86°W 
Structural correction: 70/28
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
57
*58
*59
60
61
62
63
64
3.90
3.54
9.67 
7.83 
4.16 
8.26
5.68 
5.18
6.4
342.3
7.6
36.5
13.8
40.4
21.2
30.2
59.9
27.3
40.3
67.2
64.3
61.3 
68.0
69.9
Line
Line
Line
Line
Line
Line
Line
Line
6.8 60.7 
340.9 20.0 
8.7 39.6
39.1 68.0
16.1 63.2 
41.0 62.7 
21.4 68.0 
24.8 68.5
76.3 77.2
109.5 65.4 
90.1 73.5 
98.9 62.7 
107.2 71.9 
108.9 70.7
R 7.6306 5.9666 5.9666
K 18.9 149.6 149.6
a95 13.06 5.50 5.50
663 18.64 6.61 6.61
Dec 12.3 24.3 100.3
Inc 58.9 65.7 70.6
VGP 78.4/13.4 73.6/”33.6 31.9/-69.9
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Site: 88AV09
Unit: Flow Samples: 7/7
Lat/Long: 47.16=N, 111.82*W 
Structural correction: 30/13
75
NRM Geos Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
65 2.98 351.1 58.1 Line 326.4 53.8 338.2 64.9
66 3.55 339.5 60.6 Line 322.1 53.5 332.2 65.1
67 2.16 326.9 62.1 Line 320.5 52.2 329.4 64.0
68 2.46 337,6 66.3 Line 314.2 51.9 320.5 64.3
69 2.76 328.0 59.9 Line 316.9 55.9 325.8 68.1
70 2.37 330.1 58.3 Line 323.0 56.3 335.0 67.7
71 2.17 331.9 60.7 Line 313.7 61.0 323.6 73.3
R
K
a95
663
Dec
Inc
VGP
6.9766 
256. k 
3.78
5.05 
335.1 
61.1 
71.7/151.5
6.98&2
380.0
3.10 
4.15
319.7
55.0 
58.0/151.7
6.9843
381.1
3.10
4.14
329.5
66.9
69.7/176.1
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Site: 88AV10
79
Unit: Flow Samples: 7/9
Lat/Long : 47.16°N, 111.82°W
Structural correction: 190/20
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
72
73 
*74
75
76 
*77
78
79
80
8.28
6.30
2.29
8.15
4.20
1.26
1.90
2.85
4.97
8.2
15.0
78.0 
9.7
24.0 
34.4 
17.2
358.9
7.2
67.5
73.0 
68.2
66.4
71.1
54.8
75.9 
68.0
68.4
Line
Line
Line
Line
Line
Line
Line
Line
Line
9.9 65.5 
22.2 72.6
78.4 54.8
8.9 63.6 
26.6 72.4
35.4 -42.5 
351.5 69.9
6.6 71.4 
3.2 71.1
333.1 58.7
327.5 66.7
334.7 57.0
329.9 67.7
317.6 57.7
322.9 62.2
321.7 61.2
R 8.8709 6.9747 6.9746
K 62.0 237.0 236.1
a9S 6.59 3.93 3.94
663 10.28 5.25 5.26
Dec 21.4 9.4 326.8
Inc 69.6 69.8 61.7
VGP 75 .0/-54.2 81.2/-72.8 66.3/160.2
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Site: 88AVI1
Unit: Flow Samples: 8/8
Lat/Long: 47.17*N, 111.82“W 
Structural correction: 37/42
83
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
81
82
83
84
85
86
87
88
3.70
8.26
5.30
4.62 
2.40 
4.13
9.62 
8.01
322.1
338.0
331.0
343.2
342.7
328.7
342.3 
335.6
17.4
38.3
42.0 
35.6
55.1
37.3 
30.8
34.1
Line
Line
Line
Line
Line
Line
Line
Line
319.9 14.7 
337.8 35.8
327.7 40.0
343.7 35.2
338.0 36.7
327.1 33.5
342.0 29.4
334.1 30.4
329.1 55.0
20.1 64.3
16.2 73.2 
25.4 60.1 
21.9 64.6
.4 69.1 
15.1 57.4 
6.6 62.9
R 7.8396 7.8823 7.8820
K 43.6 59.5 59.3
a95 8.48 7.24 7.25
663 12.25 10.49 10.50
Dec 335.0 333.6 8.5
Inc 36.6 32.2 64.5
VGP 56 .4/113.9 53.2/113.4 84.1/-17.1
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Site: 88AVI2
Unit: Flow Samples: 8/8
Lat/Long: 47.1k°N, 111.86°W 
Structural correction: 80/27
87
NRM Geog Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
89 0.92 346.5 57.6 Line 351.0 52.9 353.4 79.9
90 3.69 336.9 57.2 Line 336.2 54.9 302.7 79.2
91 2.03 343.4 52.2 Line 340.1 53.6 316.7 79.3
92 2.30 327.8 57.0 Line 328.2 57.5 277.3 77.9
93 1.14 335.2 65.1 Line 334.8 61.6 264.4 82.8
94 4.05 351.2 66.2 Line 350.8 66.4 164.3 86.6
95 4.09 346.2 53.3 Line 345.3 53.0 334.0 79.7
96 6.81 338.7 59.9 Line 345.7 56.6 329.3 83.3
R
K
a95
663
Dec
Inc
VGP
7.9573
164.0
4.34
6.31
340.7
58.8
74.1/136.5
7.9560
159.1
4.40
6.41
341.5
57.3
73.6/130.6
7.9560
159.0
4.41
6.41
309.6
82.9
54.7/-130.7
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Site: 88AV13
Unit: Laccolith Samples: 8/8
Lat/Long: 47.47°N, 111.83°W 
Structural correction: 0/0
NRM Geog Coord
Sample Mo Dec Inc Demag Type Dec Inc
97 1.18 9.7 62.2 Line 6.2 70.1
98 0.97 356.5 57.6 Line 19.7 62.4
99 1.65 31.0 54.8 Line 338.0 81.7
100 0.77 91.2 43.3 Line 16.9 75.1
101 1.25 317.0 67.4 Line 1.9 75.8
102 1.26 357.2 71.3 Line 332.8 77.5
103 1.01 347.1 48.9 Line 345.5 78.7
104 0.46 34.0 34.5 Line 328.6 67.0
R 7.3499 7.9181
K 10.8 85.5
a95 17.68 6.02
663 24.82 8.75
Dec 18.0 356.5
Inc 60.9 74.5
VGP 76.1/-5.0 76.4/-119.1
Strat Coord 
Dec Inc
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Site: 88AV14
Unit: Dike Samples: 8/8
Lat/Long: 47.28°N, 111.98°W 
Structural correction: 0/0
NRM Geoe Coord
Sample Mo Dec Inc Demag Type Dec Inc
105 0.78 42.7 45.6 Line 61.8 66.2
106 0.87 67.6 48.6 Line 34.1 40.7
107 0.58 50.8 46.3 Line 19.0 48.4
108 1.31 53.8 54.7 Line 50.5 29.2
109 1.18 2.6 51.3 Line 359.2 40.8
110 1.02 17.5 57.4 Line 23.6 61.2
111 0.99 40.9 51.3 Line 36.0 51.7
112 1.28 46.5 50.1 Line 44.2 54.4
Strat Coord 
Dec Inc
R 7.8100 7.6819
K 36.8 22.0
a95 9.25 12.07
663 13.34 17.29
Dec 41.2 32.5
Inc 52.2 50.5
VGP 55.8/-12.1 60.5/-.8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site; 88AV15
Unit: Conglomerate Samples: 9/9
Lat/Long: 47.10“N, 111.96°W 
Structural correction: 135/7
Sample
NRM
Me Dec Inc Demag Type
Geog Coord 
Dec Inc
Strat Coord 
Dec Inc
113
114
115
116
117
118
119
120
0.82
1.25
1.53
3.98
3.70
0.75
0.84
0.91
31.2 
34.4
34.3 
240.0 
356.3 
327.8
14.7
22.9
68.9
51.4 
33.2
24.6 
-50.1
71.6
10.4
74.5
Line
Line
Line
Line
Line
Line
Line
Line
95.2 16.4 
2.2 45.9
21.8 13.2
239.6 21.8
356.7 -58.3 
210.0 - 6.0
78.2 -21.1 
88.0 79.5
97.0 20.8
356.6 50.8 
20.9 19.6
239.0 15.0 
3.9 -53.3
209.7 -12.8
77.0 -15.2 
129.5 82.8
R 5.1166 1.9124 1.9109
K 2.4 1.1 1.1
a95 45.65 134.45 134.59
663 53.42 74.19 74.20
Dec 6.6 50.9 51.6
Inc 51.5 41.5 48.5
VGP 74 .2/47.0 43.6/-10.3 46.7/-16.8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV16
Unit: Flow Samples: 6/7
Lat/Long: k7.13*N, 111.91°W 
Structural correction: 85/42
101
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
121 1.42 344.8 32.1 Line 339.6 15.9 328.2 55.5
122 1.44 351.7 31.9 Line 347.2 6.3 343.4 47.8
123 1.65 349.1 27.3 Line 341.2 7.5 334.4 47.8
*124 0.47 38.4 46.0 Line 113.1 -70.5
125 3.88 357.6 - 6.0 Line 357 .2 -13.9 357.4 28.0
126 4.54 347.4 7.1 Line 345.7 1.1 342.3 42.4
127 4.56 332.3 26.5 Line 328.3 21.2 307.0 55.7
R 6.4695 5.8209 5.8206
K 11.3 27.9 27.9
a95 18.76 12.90 12.91
663 24.20 15.34 15.35
Dec 352.6 343.3 337.8
Inc 24.7 6.5 47.3
VGP 55.3/80.8 43.8/91.5 64.5/118.8
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Site: 88AVI7
105
Unit: Dike Samples: 10/10 
Lat/Long: 47.13“N, 111.91°W 
Structural correction: 114/47
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
128 1.060 19.0 27.9 Plane 115.8 11.0 123.3 6.2
129 .528 22.7 61.8 Plane 99.6 - 6.2 99.6 6.1
130 .259 151.4 71.3 Plane 138.6 66.2 178.9 30.1
131 .470 11.0 21.3 Plane 121.5 21.0 134.5 8.9
132 .227 39.1 39.9 Plane 144.7 51.6 169.9 17.6
132A .246 357.3 39.7 Plane 125.1 35.5 147.6 16.3
133 .373 127.9 58.8 Plane 81.2 -18.7 77.7 9.1
133A .546 152.2 81.4 Plane 103.8 - 6.1 102.5 3.2
134 .240 8.4 34.2 Plane 107.0 11.0 117.4 12.6
135 1.230 35.6 76.1 Plane 99.9 - 5.5 100.3 6.4
R 8.4953
K 6.0 -53.2/-2.6 52.7/-2.6
a95 21.56 4.95/9.50 4.97/9.54
663 33.51 6.39/12.27 6.42/12.33
Dec 27.4 13.3 353.3
Inc 59.5 26.1 71.0
VGP 69.2/-12.8 80.7/-136.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AVI8
Unit: Flow Samples: 9/9
Lat/Long: 47.13°N, 111.91°W 
Structural correction: 114/47
109
NRM Geos Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
136 6.16 6.4 29.6 Line 6.9 26.1 338.8 68.1
137 2.20 202.8 4.0 Plane 125.5 51.3 161.0 26.2
138 1.58 323.7 -39.9 Plane 89.5 -29.0 76.9 - 3.8
139 0.99 2.4 50.0 Line 1.1 38.8 299.9 72.2
140 1.30 323.7 20.8 Plane 195.8 75.4 201.7 28.5
141 1.34 99.4 74.7 Plane 84.2 -16.4 81.4 9.0
143 13.40 19.3 11.7 Line 20.8 9.3 18.4 56.2
144 1.68 324.8 80.5 Plane 113.0 3.9 116.2 3.4
144A 0.39 232.4 19.6 Plane 120.0 45.7 153.5 25.7
R 4.5355
K 1.8 -27.3/-.5 -27.3/-.5
a95 56.43 8.72/9.86 8.73/9.87
663 61.91 10.68/12.09 10.70/12.10
Dec 327.5 10.6 352.8
Inc 51.2 21.0 65.3
VGP 60.9/138.1 85.1/163.8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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113
Site: 88AV19
Unit: Laccolith Samples: 8/8
Lat/Long: 47.48*N, 111.85*W 
Structural correction: 0/0
NRM Geoe Coord
Sample Mo Dec Inc Demag Type Dec Inc
145 3.87 332.4 68.5 Line 328.7 76.1
146 2.59 354.0 74.1 Line 341.8 76.5
147 3.00 10.2 79.8 Line 331.6 78.3
148 2.42 312.3 79.2 Line 312.1 79.5
149 2.14 13.4 78.7 Line 341.9 79.4
150 2.82 351.3 33.6 Line 326.3 79.9
151 2.38 25.5 67.3 Line 354.5 75.9
152 2.52 338.8 79.3 Line 321.9 77.5
Strat Coord 
Dec Inc
R 7.9290 7.9889
K 98.6 632.6
a95 5.61 2.20
663 8.1k 3.21
Dec 354.1 333.1
Inc 77.4 78.2
VGP 71.3/-119.4 65.9/-137.2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV20
Unit: Dike Samples: 6/8
Lat/Long: 47.23*N, 111.76°W 
Structural correction: 0/0
NEM Geo g Coord
Sample Mo Dec Inc Demag Type Dec Inc
153 .774 196.0 86.5 Line 353.5 86.0
154A .595 252.0 78.8 Line 357.3 81.1
155 .624 319.1 75.9 Line 312.6 81.7
156 .641 53.9 65.1 Line .9 74.0
157 .938 14.9 69.4 Line 355.3 70.1
158 1.440 352.4 66.3 Line 330.3 68.3
*159 1.800 30.2 61.3 Line 35.6 56.1
*160 .919 345.1 .3 None
R 7.0250 5.9494
K 7.2 98.9
a95 22.20 6.77
663 30.51 8.13
Dec .0 345.4
Inc 69.7 77.4
VGP 83.7/-111.6 69.8/-129
Strat Coord 
Dec Inc
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Site: 88AV21
Unit: Laccolith Samples: 6/8
Lat/Long: k7.42°N, 111.74°W 
Structural correction: 0/0
NRM Geoe Coord
Sample Mo Dec Inc Demag Type Dec Inc
161 2.29 219.9 71.4 Plane 121.4 8.1
162 2.91 173.9 63.3 Plane 64.5 11.5
162 3.25 40.6 48.8 Plane 328.7 -10.2
164 20.30 34.4 17.0 Plane 127.1 11.5
165 2.09 272.7 50.6 Plane 17.1 3.5
166 2.30 285.1 37.5 Plane 8.1 - 1.0
*167 8.33 52.5 4.8 None
*168 2.52 58.8 15.3 None
R 5.1108
K 2.4
a95 45.73
663 53.48
Dec 27.9
Inc 64.6
VGP 71.0/-29.1
Strat Coord 
Dec Inc
-485.3/-1.0
2.35/2.97
2.35/2.98
277.4
77.5
45.1/-146.5
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Site; 88AV22
Unit: Dike Samples: 8/8
Lat/Long: 47.18*N, 111.81°W 
Structural correction: 0/0
NRM Geoe Coord
Sample Mo Dec Inc Demag Type Dec Inc
169
170
171
172
173
174
175
176
1.170
.708
.522
.790
.385
.359
.672
.265
328.9
21.6
75.5
300.6
8.6
126.5
346.6 
223.5
39.6
60.9
82.9
46.9
46.9
43.7
61.5
77.6
Line
Line
Line
Line
Line
Line
Line
Line
7.2 63.8 
12.5 65.5
23.4 79.4
18.4 62.2
10.5 52.5
5.2 66.8 
343.2 60.6 
252.4 82.1
R 6.8288 7.8014
K 6.0 35.2
a95 24.72 9.46
663 33.52 13.64
Dec 352.7 4.8
Inc 72.4 68.3
VGP 78 .6/-132.0 84.7/-77.9
Strat Coord 
Dec Inc
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV23
Unit: Breccia Samples: 9/9
Lat/Long; 47.16°N, 111.83*W 
Structural correction: 20/30
125
NRM Geog Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
177
178
179
180 
181 
182 
183 
IQk 
186
0.99
1.14
6.46 
0.56
2.47 
1.22 
1.49 
0.97 
2.68
342.9
350.6 
226.4
29.6
345.9 
303.0
7.4
261.3
125.6
44.7
59.8 
-42.7 
-33.9
63.0
74.3
58.8 
60.6
24.9
Line
Line
Line
Line
Line
Line
Line
Line
Line
348.0 25.9 
342.8 53.2
224.4 -45.5
271.7 -64.8
339.8 59.9
264.5 56.2
337.8 52.3 
246.2 37.3
130.1 13.9
5.7 38.1 
30.3 61.0
243.6 -28.3
280.6 -35.6 
41.6 65.6
204.5 76.1 
25.0 63.0 
219.4 54.2 
130.1 -14.4
R 4.7469 3.8297 3.8266
K 12.4 1.5 1.5
a95 16.39 67.25 67.30
663 23.12 66.08 66.10
Dec 343.9 294.2 306.1
Inc 9.7 50.5 80.2
VGP 45.5/91. 4 38.2/165.1 55.5/-139.7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV24
Unit: Flow Samples: 8/8
Lat/Long: 47.14°N, 111.89°W 
Structural correction: 85/45
129
NRM Geog Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
187 1.34 348.4 6.7 Line 347.6 5.4 343.6 49.9
188 1.10 339.6 8.3 Line 336.5 6.8 326.5 48.6
189 0.49 357.9 47.4 Line 353.9 44.9 272.4 89.2
190 1.06 347.2 13.8 Line 344.7 10.9 337.3 54.8
191 0.66 346.9 2.1 Line 347.8 1.0 344.6 45.6
192 0.90 335.7 . 3 Line 333.8 - 3.1 327.6 38.3
193 1.30 351.2 26.3 Line 349.8 25.1 341.3 69.6
194 0.92 327.3 -27.6 Line 327.0 -29.2 330.2 11.5
R 7.4347 7.4452 7.4452
K 12.4 12.6 12.6
a95 16.39 16.22 16.22
663 23.12 22.90 22.90
Dec 343.9 342.4 334.8
Inc 9.7 7.8 51.2
VGP 45.5/91.4 44.2/93.0 65.5/128.7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV25
133
Unit: Flow Samples: 7/8 
Lat/Long: 47.17“N, 111.82“W 
Structural correction: 170/46
NRM Geog Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
*195 2.13 4.1 21.7 Line 3.9 20.1
196 6.15 36.4 31.8 Line 36.7 30.0 357.5 53.2
197 6.93 34.7 20.6 Line 35.4 20.0 8.4 46.0
198 8.79 201.4 -48.3 Line 201.2 -48.8 141.7 -50.2
199 2.05 31.3 58.9 Line 34.1 51.8 319.1 58.8
200 17.00 30.6 37.0 Line 31.8 35.5 346.2 52.5
201 14.00 24.8 47.7 Line 26.1 46.2 327.1 52.6
202 5.18 46.2 30.9 Line 46.0 29.3 7.1 59.3
R 5.7473 6.8377 6.8379
K 3.1 37.0 37.0
a95 37.75 10.06 10.05
663 47.07 13.32 13.31
Dec 30.8 33.7 344.2
Inc 34.0 37.6 54.9
VGP 52.0/16.3 52.3/10.3 73.3/118.9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Site: 88AV26
Unit: Flow Samples: 9/9
Lat/Long: 47.17°N, 111.84°W 
Structural correction: 52/14
137
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
203 1.59 .2 61.1 Line 353.6 58.0 12.1 68.7
204 1.02 359.1 69.7 Line 346.8 58.9 3.2 70.8
205 8.70 335.8 48.0 Line 335.2 47.1 340.5 60.6
206 8.84 1.3 49.0 Line 359.9 49.2 13.7 59.3
207 8.61 333.9 56.4 Line 329.0 55.3 333.3 69.2
208 1.86 350.4 57.5 Line 347.9 55.4 2.0 67.3
209 6.03 340.4 57.5 Line 337.8 52.4 345.7 65.6
210 2.03 355.5 64.8 Line 339.2 53.7 348.3 66.7
211 3.58 352.4 58.8 Line 341.2 52.2 350.5 65.0
R
K
a95
663
Dec
Inc
VGP
8.9026 
82.1 
5.71 
8.92 
349.1
58.5 
78.8/117.0
8.9419
137.7
4.40
6.89
343.3
53.9
72.1/118.8
8.9420
137.9
4.40 
6 . 88
354.4
66.5  
85.9/-173.9
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Site: 88AV27
Unit: Dike Samples: 7/7
Lat/Long: 47.13®N, 111.87°W 
Structural correction: 190/43
NRM Geos Coord Strat Coord
Sample M= Dec Inc Demag Type Dec Inc Dec Inc
212
213
214
215
217
218 
219
20.0
30.0
21.3 
20.2
23.3 
24.9
44.1
31.8
32.0
36.0 
35.3
33.0 
38.2 
40.6
35.5
33.1
36.1
33.6
37.3
34.1
30.4
Line
Line
Line
Line
Line
Line
Line
33.8 34.2 
32.0 32.8
34.6 35.1
34.7 34.1 
35.3 37.1
38.8 33.7
41.8 29.7
359.5 39.7 
359.9 37.7 
359.1 40.8 
.2 40.2 
357.4 42.3 
3.3 42.8 
9.8 42.4
R 6.9884 6.9882 6.9882
K 517.2 507.9 508.4
a95 2.66 2.68 2.68
563 3.55 3.59 3.58
Dec 35.3 35.9 1.3
Inc 34.3 33.9 40.9
VGP 49.7/10.4 49.1/10.1 66.3/65.2
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Site: 88AV28
Unit: Dike Samples: 7/7
Lat/Long: 47.13“N, 111.87°W 
Structural correction: 190/43
NRM Geoe Coord Strat Coord
Sample Dec Inc Demag Type Dec Inc Dec Inc
220
221
222
223
224
225
226
2.45
2.61
4.37
7.31
3.35
4.43
7.95
58.3
49.2 
47.8
61.2
42.6
51.6 
44.2
51.8
52.7
50.1
53.7
53.1
44.5
46.6
Line
Line
Line
Line
Line
Line
Line
58.3 47.3
52.6 47.8
50.2 48.6
60.3 54.0
46.7 48.2 
51.6 44.6 
44.2 46.7
353.7 62.0
350.8 58.4
348.5 57.1
339.5 64.2
347.9 54.8
355.9 56.7 
349.3 52.7
R 6.9715 6.9792 6.9793
K 210.6 288.5 289.3
a95 4.17 3.56 3.56
663 5.57 4.76 4.75
Dec 50.6 51.8 349.6
Inc 50.5 48.3 58.1
VGP 48.6/-18 .0 46.5/-16.7 78.7/114.1
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Site: 88AV29
Unit: Breccia Samples: 9/9
Lat/Long: 47.10«N, 111.95°W 
Structural correction: 205/28
NRM Geoe !Coord Strat Coord
Sample Dec Inc Demag Type Dec Inc Dec Inc
228
229
230
231
232
233
234
235
236
5.15
4.08
1.39
1.76
2.63
3.33
3.33 
4.07 
7.85
87.4
138.0
62.8
91.7
44.3
132.4 
143.6
107.4 
35.1
- 1.9 
55.9
- .4
63.1 
10.8 
46.0
48.2
25.5
65.5
Line
Line
Line
Line
Line
Line
Line
Line
Line
86.8
137.4
65.3 
92.1 
42.9
134.1
148.3
108.8
34.3
- 9.9
48.2
- 3.6 
61.4
- 7.5
39.3
36.8
21.8 
64.2
86.2 14.8 
167.6 71.4
63.2 14.3 
17.8 79.2
44.3 1.6
150.9 64.5
169.9 57.5 
106.1 49.6 
345.0 55.9
R 7.1498 6. 7590 6.7589
K 4.3 3.6 3.6
a95 28.06 31 .85 31.85
663 39.64 43 .79 43.79
Dec 91.7 94 .8 81.1
Inc 40.8 33 .8 59.0
VGP 151.8/“39.5 10.3/-38.1 33.4/-46.6
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Site; 88AV30
153
Unit: Flow Samples: 10/10
Lat/Long: 47.14*N, 111.85°W
Structural correction: 350/25
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
237
238
239
240
241
242
243
244
245 
250
14.60
1.50
1.17
2.41
1.56
1.98
5.62
2.54
4.82
11.50
4.4
57.6
33.7
47.2
55.8
59.0
52.2 
66.6
49.9
76.1
77.3 Line
73.2 Line
67.4 Line
64.7 Line
64.8 Line 
68.7 Line
49.5 Line
64.3 Line
56.9 Line
49.9 Line
8.1 77.7
57.1 72.9
36.1 67.3 
49.3 63.7
57.7 63.8
63.0 67.5
51.7 49.2
67.2 62.5
50.2 56.8
78.0 49.8
56.9 59.1 
70.0 48.7
57.4 45.9 
62.6 40.6
67.4 39.8 
71.2 43.1
59.8 26.2
72.5 37.8
60.9 33.9
78.5 24.8
R 9.8131 9.8141 9.8138
K 48.2 48.4 48.3
a95 7.03 7.01 7.02
663 11.66 11.63 11.64
Dec 53.9 55.4 66.1
Inc 64.5 64.0 40.2
VGP 53.9/-41. 1 52.6/-40.6 32.6/-21.3
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Site: 88AV31
Unit: Flow Samples: 8/8
Lat/Long: 47.16°N, 111.82°W 
Structural correction: 35/25
157
NRM Geog Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
251 3.48 359.5 47.1 Line 359.8 46.6 29.7 55.7
252 1.67 345.0 46. 6 Line 346.3 46.7 15.5 61.3
253 4.66 342.9 50.0 Line 339.8 48.8 10.4 65.5
254 3.21 .3 46.2 Line 359.6 45.9 28.7 55.2
255 3.19 347.1 52.1 Line 347.6 51.7 24.0 64.7
256 2.44 352.9 50.0 Line 352.5 49.6 26.1 61.0
257 3.46 350.9 54.4 Line 351.2 54.8 32.7 65.4
258 2.94 349.1 52.0 Line 348.0 51.8 24.6 64.6
R
K
a95
663
Dec
Inc
VGP
7.9720
249.9
3.51
5.11
351.1
50.0
72.2/94.0
7.9683
221.1
3.73
5.44
350.7
49.7
71.9/94.7
7.9684
221.7
3.73
5.43
24.3
61.8
72.4/-17.2
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Site: 88RV32
Unit; Flow Samples: 7/8
Lat/Long: 47.16‘»N, 111.82°W 
Structural correction: 25/25
.. NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
*259
260
261
262
263
264
265
266
3.91
4.95
5.90 
5.53 
5.57 
4.51
9.90 
6.45
315.2
315.5
325.6 
324.4
316.7
325.9
318.9 
323.1
67.5 
60.3
51.9
48.9
51.6
46.7
50.7 
51.5
Line
Line
Line
Line
Line
Line
Line
Line
315.9 67.4 
315.6 59.9
320.5 51.5
322.1 47.0 
315.3 50.8
326.6 45.7
317.6 50.0
323.2 51.7
6.4 79.3 
351.3 71.2
347.1 66.8
341.1 72.3
352.0 64.1
344.1 70.9 
355.7 70.4
R 7.9429 6.9746 6.9743
K 122.6 236.1 233.3
a95 5.02 3.94 3.96
663 7.30 5.26 5.29
Dec 321.2 320.4 350.2
Inc 53.7 51.0 70.8
VGP 58.3/148. 4 56.2/145.4 79.9/-145.5
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Site: 88AV33
Unit: Laccolith Samples: 5/5
Lat/Long: 47.32°N, 111.91°W 
Structural correction: 0/0
165
NRM Geos Coord
Sample Me. Dec Inc Demag Type Dec Inc
267A 7.13 245.6 64.6 Plane 76.6 16.2
268 28.90 277.2 3.7 Plane 7.4 -17.7
269 1.66 300.7 53.8 Plane 18.6 -18.5
270 5.09 15.9 12.0 Plane 121.7 23.7
271 2.07 343 .3 26.5 Plane 78.5 8.3
strat Coord 
Dec Inc
R 3.6901
K 3.0 -190 .2/-.5
a95 52.82 4. 32/4.86
663 47.50 3.95/4.44
Dec 317.5 323.3
Inc 41.2 63.6
VGP 48.8/138.1 64 .8/167.0
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Site: 88AV34
Unit: Laccolith Samples: 3/3
Lat/Long: 47.31°N, 111.93®W 
Structural correction: 0/0
NRM Geoe Coord Strat Coord
Sample Mo Dec Inc Demag Type Dec Inc Dec Inc
275
276
277
2.62 13.9 
109.00 58.9 
98.10 12.4
45.3 
- 7.7 
3.2
Plane
Plane
Plane
104.2 2.7 
137.5 68.7 
274.9 65.5
R 2.5741
K 4.7 -216.0/-.7
a95 64.82 5.13/6.05
663 37.98 3.63/4.28
Dec 29.6 16.0
Inc 14.2 8.3
VGP 42.6/26. 3 44.7/45.3
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APPENDIX B.
A simple test to determine domain state* of magnetic minerals was 
proposed by Lowrie and Fuller (1971), based largely on af demagnetization 
results of Rimbert (1959) and Dunlop and W est (1969). They found that a 
specimen’s "hardness” to af demagnetization is a function of the field 
strength in which magnetization is acquired. For single-domain (SD) 
particles, high-field magnetization (saturation IRM or IRMs) is relatively less 
stable than low-field magnetization (TRM or NRM of thermal origin), and for 
multi-domain (MD) grains, the opposite is true. A simple plot of normalized 
coercivity spectra for the two, then, will indicate which domain state is 
present.
Such tests were further developed by Dunlop et al. (1973), who 
demonstrated the first whole-rock examples of truly MD behavior. They also 
proposed the use of anhysteritic remanent magnetization (ARM) in place of 
either TRM or NRM for the low-field magnetization. Presumably ARM’s 
improve the quality of the test since NRM’s may be multicomponent and 
inducing TRM’s will often change magnetic mineralogy, thus, the coercivity 
spectra. Dunlop and W est (1969), Dunlop et al. (1973), Johnson et al. 
(1975), and Levi and Merrill (1976) verified the use of ARM by showing that
* Neel’s (1955) theory of rock magnetism predicts that domain states 
of particular magnetic minerals are a function of their grain 
sizes. Therefore, for much of this discussion, the terms "domain 
state" and "particle or grain size distribution" are used 
interchangeably.
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there is a close theoretical and experimental analogy between the af 
coercivity spectra of TRM and ARM for all particle sizes.
In the nearly two decades since its inception, the Lowrie-Fuller (L-F) test 
has been, and is still being continually tested and modified, so that it can 
now be qualitatively used to distinguish between the entire range of domain 
states (SD < 4|im  < pseudo-single domain (PSD) < 15-17pm < MD), and 
bimodal distributions (Dunlop, 1983). Only a short summary of the work is 
presented here, with particular attention given to tests used during this study.
In its initial form, the L-F test has two main drawbacks: 1) it is only a 
qualitative test, using only the relative "hardness" of af spectra, and 2) it can 
only be used as a very coarse classification of the grain size distribution, 
often with confusing overlap of af curves. Dunlop (1981), Bailey and Dunlop 
(1983), and Dunlop (1983), realizing that the L-F test is not actually a 
consequence of domain structure, but a manifestation of coercivity spectra, 
propose the use of curve shapes rather than relative "hardness". Thus, af 
demagnetization spectra, which are an indirect expression of domain states 
give soft, exponentially shaped curves for MD-type structures, and sublinear 
inflected curves for small SD grains. It has also been determined that the L- 
F test does not distinguish between SD and MD structures per se, but rather, 
between small MD grains with PSD effects and large MD grains without PSD 
effects (Bailey and Dunlop, 1983). PSD effect is described by Bailey and 
Dunlop (1983) as "grains having MD remanence due to pinned domain walls 
and some independent remanence due to the statistical alignment of SD-like
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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moments". The crossover between SD and MD grain sizes ranges from 4- 
15|im, which represents the PSD fraction.
Dunlop (1983) also considers curve shapes for bimodal grain 
distributions, which are common in mafic plutonic rocks where fine-grained 
magnetic minerals are often exsolved in silicates. These curves are typically 
hard and inflected for low-field TRM or NRM and soft, exponentially shaped 
for IRMs, thereby giving large curve separations. Although examples seem 
to verify this relation, it seems that this curve configuration may also be 
indicative of strictly PSD grain sizes. The magnetic stability of the PSD 
fraction varies inversely with the intensity of the magnetizing field (Bailey and 
Dunlop, 1983). Thus, although a weak-field TRM or NRM could give SD- 
type curves, a high-field IRMs may be exponential, a situation sim ilar to that 
described by Dunlop (1983) for bimodal distributions. In order to quantify 
these tests, Dunlop (1983) proposes the use of the parameter (B^g  ̂ - B%,) / 
BVgN (the difference between the M D l’s of weak-field and strong-field 
remanences, normalized to the MDI of weak-field remanence), and obtained 
consistent experimental results of MD < 0.0 < SD < -.3 0  < Bl .
Finally, Fuller et al. (1988) suggest the use of NRM;IRMs curve shapes 
plotted on log-log scales for indications of domain state. Their examples 
indicate convex up for SD and concave up for MD grains. Bimodal 
distributions give plots with slopes that are « 1  at low af’s, and approach or 
exceed 1 at high af’s. Also, NRM/IRMs ratios can be used to detect whether 
or not the NRM is of thermal origin. Generally, TRM ’s acquired in the earth’s 
geomagnetic field will give NRM/IRMs on the order of 10^ for SD grains and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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only slightly lower for MD grains (Dunlop, 1984; Fuller et al., 1988).
In general, af coerciviy tests are not this simplistic and different tests 
often render conflicting results. The reader is referred to the references 
mentioned for a complete experimental and theoretical review.
Results - Extreme differences between the magnetic stability of Adel 
Mountain Volcanic flows and dikes/laccoliths initiated this study of domain 
structure. Particular attention was given to the latter group, with 13 
specimens studied. The 4 from flows (3-24, 6-47, 9-70, 12-96) were used 
mainly for comparison. Tested specimens had almost exclusive single 
component demagnetization characteristics and exhibited "typical" coercivities 
for the site. The results for Individual specimens are shown in the following 
figures and summarized in table 4.
Ratios of NRM/IRMs indicate that all NRM’s are of probable TRM origin 
according to Dunlop (1984) and Fuller et al. (1988) (Figure 18). Use of 
curve shapes (Dunlop, 1983; Bailey and Dunlop, 1983) suggest a bimodal 
(bordering on SD) grain distribution for all 4 flows and almost entirely MD for 
dikes and laccoliths. Similarly, Fuller et al.’s (1988) NRM/IRMs curve shapes 
demonstrate that flows are bimodal (Bl) while dikes/laccoliths are either MD 
or Bl. Dunlop’s (1983) quantitative parameter gives Bl results for flows and 
gives MD, Bl, and SD of proportions 50%, 25%, and 25% respectively for the 
dikes/laccoliths. Almost the entire suite is SD according to the L-F test, with 
just a few dikes being MD. However, by analysis of Dunlop’s (1983) and 
Bailey and Dunlop’s (1983) curve shape descriptions, Bl would appear SD to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
175
Tab le  4 .
S i t e / # NRM IRMs N / I B&v B&i aB/B%N Da Ds Fs L-F
2-11 3 .4 6 161 .82 2 .1 4 E -0 2 6 . 1 7 4 .0 6 .342 Bl MD Bl SD
2 -13 1 .36 111 .60 1 .22E -02 4 , 8 0 4 . 0 5 .156 SD MD Bl SD
3 -24 6 .6 7 5 8 9 .9 4 1 . 13E-02 5 5 .6 0 3 0 .6 0 .450 Bl BI/SD Bl SD
4 -2 5 0 .01 0 . 3 4 3 . 12E-02 3 0 .0 0 2 0 .6 0 .313 SD SD SD SD
4-30 0 . 4 8 110 .98 4 .3 5 E -0 3 4 . 8 8 5 . 3 2 - . 0 9 0 MD MD MD MD
6-47 1 .89 8 4 2 .2 6 2 .2 4 E -0 3 2 9 .4 0 1 9 .60 .333 81 BI/SD Bl SD
7-54 3 .4 9 2 4 3 .0 4 1 .4 4 E -0 2 17.30 6 . 9 0 .601 Bl Bl SD SD
9-70 2 . 3 7 5 0 8 .9 4 4 . 66E—03 14 .00 8 . 5 0 .393 Bl Bl Bl SD
12-96 6 .81 6 5 2 .4 9 1 .04E -02 2 5 .3 0 14 .70 .419 Bl BI/SD Bl SD
13-99 1 .65 195 .92 8 .4 2 E -0 3 1 .80 4 . 2 0 - 1 . 3 3 3 MD MD MD MD
14-105 0 . 7 8 147.87 5 .2 9 E -0 3 3 .8 0 4 . 7 0 - . 2 3 7 MD MD MD MD
19-145 3 .8 7 644 .41 6 . 0 1 E -0 3 6 . 1 0 7 .1 0 —. 164 MD MD MD MD
19-148 2 .4 2 5 9 2 .8 0 4 . 0 8 E -0 3 8 . 2 0 6 .7 5 . 177 SD MD MD SD
20-153 0 . 7 7 137 .33 5 . 6 4 E -0 3 3 . 7 5 4 . 2 2 - . 1 2 5 MD MD MD MD
20-157 0 .9 4 2 4 0 .56 3 . 9 0 E -0 3 6 . 6 0 6 . 3 0 .045 SD MD MD SD
21-164 2 0 .3 0 3 0 2 .5 0 6 . 7 1 E -0 2 10 .80 5 . 4 0 .500 Bl MD Bl SD
21-165 2 .0 9 2 4 1 .1 8 8 .6 7 E -0 3 4 . 5 2 4 .5 6 - . 0 0 9 MD MD Bl MD
NRM -  NRM i n t e n s i t y  in  A/m
IRMs -  s a t u r a t i o n  IRM in  A/m
N / I  -  F u l l e r ' s  (1988)  NRM/IRMs r a t i o
B'4m -  NRM median d e s t r u c t i v e  in d u c t io n  in  ml
B'éi -  IRMs median d e s t r u c t i v e  in d u c t io n  in  ml
aB/B'^im -  Dunlop 's  (1983)  q u a n t i t a t i v e  parameter  f o r  L-F t e s t  (see t e x t )  
Dp -  domain s t r u c t u r e  accord ing  to Dun lop 's  (1983)  parameter
Ds -  domain s t r u c t u r e  accord ing  to Dunlop 's  (1983)  curve shapes
Fs -  domain s t r u c t u r e  accord ing  to F u l l e r ' s  (1988)  curve shapes
L-F -  domain s t r u c t u r e  accord ing  to the L o w r i e - F u l l e r  (1971) t e s t
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Figure 18. NRM/IRMs ratios
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the general L-F test. Accordingly, many of the SD results may actually be 
Bl, as suggested by the other methods. It is important to note that although 
the L-F test is unable to distinguish between Bl and SD, an MD result is 
given for only a truly MD rock.
Sample 4-25, contrary to all other dike/laccolith samples, gives a SD 
result for all tests. This sample was taken from the dike contact which 
presumably cooled faster than its interior, preventing the crystallization of 
grains larger than about 10pm (SD).
Curve shapes are probably the most distinctive technique for recognition 
of domain states. The L-F test has already been shown to have problems. 
Use of Dunlop’s (1983) quantitative parameter depends upon relative 
"hardness", similar to the L-F test, and has some of the same inherent 
problems (i.e. is NRM single component?; interpretating closely spaced 
and/or overlapping curves; etc.) Thus, quantitative use of a strictly 
qualitative test is, perhaps, too objective.
Thin section observations indicate that opaque minerals (presumably 
titanomagnetites/ilmenohematites) range from <1.0 - 1000 pm in diameter 
and are typically distributed in two distinct grain size fractions. Beall (1973) 
and Whiting (1977) made similar petrologic observations. Minerals are 
present as large subhedral blocks with diameters ranging from 50-500pm, 
comprising the multi-domain portion. Also, magnetite flakes with diameters 
<1-10pm are present in the groundmass and as inclusions within the 
silicates. These probably contribute SD or PSD remanence toward the NRM. 
This combination of distinct grain sizes gives the Adel Volcanics their bimodal
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N RM/l RM characteristics.
Dikes/Laccoliths, although clearly bimodal in thin section, give NRM/IRM 
results which are predominantly MD due to the overwhelming abundance of 
grain sizes greater than ~100|im. Flows contain very similar constituents, but 
are considerably oxidized to ilmenohematites. Hematites, because of their 
greater critical grain diameter, can exist as very large SD particles: it may be 
this hematite oxidation which imparts much of the SD behavior to the flows.
Final results from all IRM tests and thin section observations indicate 
that the magnetic minerals in flows are probably bimodally distributed, but 
have a significant SD remanence due to hematitic oxidation. Dikes/Laccoliths 
are clearly bimodal with the much larger MD fraction dominating their af 
coercivity spectra.
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Site Unit S/N B/T k a95 Dec Inc Lat Long
88AV02 D 6/8 2.5/350 91.0 7.06 20.4 72.4 73.9 -69.6
88AV06 F 7/8 12.0/300 257.8 3.77 14.3 69.3 79.1 -59.5
88AV09 F 7/7 8.0/280 113.1 5.70 18.6 66.2 77.5 -35.4
88AV16 F 6/7 12.5/250 91.2 7.05 32.0 69.7 68.8 -51.2
88AV23 VB 3/9 8.0/200 37.6 9.15 8.6 67.5 83.5 -55.1
88AV26 F 7/9 8.5/300 161.9 4.76 15.7 71.1 77.1 -68.3
88AV29 VB 9/9 10.0/200 22.8 11.02 24.9 70.0 72.9 -54.6
AVERAGES Directional 567.8 2.54 19.0 69.6 76.4 -56.3
VGP 219.6 4.08 - - 76.3 -56.3
Unit - D=dike, F=flow, VB=volcanic breccia
S/N - specimens used to calculate mean direction/specimens collected
B/T - average induction (B) and temperature (T) in mT/°C required to
completely remove secondary component 
k - Fisher's (1953) precision parameter, kappa
a95 - Fisher 95% confidence limits
Dec - mean declination
Inc - mean inclination
Lat - VGP latitude (positive north)
Long - VGP longitude (positive east)
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APPENDIX D.
The reader should refer to the diagrams and data in Appendix A for the 
following discussion on individual sites.
Site 2 - The 2.5 meter thick dike of site 2 may document acquisition of 
magnetization during tectonic rotation. Six of eight specimens were taken 
from the dike margin - all with similar magnetic directions. Two specimens 
were drilled from the dike center; primary remanent directions from these 
were near the present day direction and significantly different from the other 
six. After tilt-correcting the first six specimens, the remanent directions of all 
eight were coincident (a95=4.96). Thus, the dike margins may have 
acquired a pre-deformational magnetization, whereas the interior did not 
reach blocking temperatures until after tilting. Although the remanent 
directions from the two interior specimens could be present-day VRM’s, the 
magnetic stability of all other dike specimens suggests that these are likely 
primary. Additional specimens could be collected across the dike to test for 
syn-tectonic magnetizations (i.e. specimens which retain both magnetic 
directions).
Sites 5.8.12 - These three sites were obtained from a single stack of 
volcanic flows with each site encompassing 2 or 3 individual units. Although 
specimens from site 12 (lowest in stack) cluster well (a95= 4.41), remanent 
directions from sites 5 and 8 show much more scatter with a95’s of 12.54
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and 14.54 respectively (all eight specimens). A detailed paleomagnetic study 
of the entire sequence could provide interesting insights into whether this 
scatter is a function of paleosecular variation or thermal remagnetization by 
subsequent flows. In addition, site 8 (stratigraphically highest) may have 
been partially remagnetized by a small post-tectonic(?) intrusion located 
immediately to the north.
Site 24 - Specimens from this site are different from all others in that much 
of their magnetization (70-90%) resides in ilmenohematites. Additionally, the 
characteristic remanent directions lie on a great circle (which also includes 
the dip direction) suggesting the incomplete removal of some secondary 
component of magnetization. The primary magnetic direction for this flow is 
probably partially masked by either a stable secondary chemical(?) 
remanence or a viscous thermal overprint acquired during reheating by 
younger flows.
Laccoliths - Laccoliths of the Adel Mountains are distributed in two distinct 
arcs north of the volcanic center and pose some interesting questions for 
detailed paleomagnetic studies (e.g. what is the relative timing of the two 
arcs - are there magnetization significantly different?; can we use 
paleomagnetism to help model the cooling histories of individual laccoliths?; 
if so - what does this tell us about secular variations?).
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